Background: Adult cholesterol concentrations might be influenced by early-life factors, such as breastfeeding and birth weight, referred to as ''early programming''. How such early factors exert their influence over the life course is still poorly understood. Evidence from studies in children and adolescents is scarce and conflicting. We investigated the influence of 6 different perinatal risk factors on childhood total and HDL cholesterol concentrations and total-to-HDL cholesterol ratio measured at 8 years of age, and additionally we studied the role of the child's current Body Mass Index (BMI).
Introduction
The risk of developing chronic disease later in life may be associated with prenatal and early postnatal factors, referred to as ''early programming'' [1] . Several studies showed that increased adult total cholesterol concentrations were associated with exposure to risk factors early in life [2, 3] . In a review Owen et al. [3] concluded that breastfeeding was associated with lower cholesterol concentrations in adulthood (age 17-79 years), whereas low birth weight has been associated with increased cholesterol concentrations measured at ages 17 to 76 years [4, 5, 6, 7, 8, 9] .
It is of major interest whether childhood cholesterol concentrations are also associated with factors early in life, both from a public health perspective and for our understanding of the expression of early programming throughout the life course.
However, only a limited number of studies have been performed on early-life factors and cholesterol concentrations in children, and their results are conflicting. Short-term breastfeeding (, 6 months) was associated with lower total cholesterol concentrations in one study [10] , whereas others did not observe any difference between breastfed and non-breastfed children [11] . Higher total [12] and lower high density lipoprotein (HDL) cholesterol concentrations [13] were observed in low birth weight children, but this was not observed in two other studies [14, 15] . In children of mothers having had gestational diabetes higher total cholesterol concentrations [16] and total-to-HDL cholesterol ratio [16] , and lower HDL cholesterol concentrations were observed [16, 17] . Leunissen et al. showed an inverse association between infant weight gain (first 3 months) and HDL cholesterol concentrations in young adults and a positive association with total-to-HDL cholesterol ratio [18] .
We considered the joint effects of these early-life risk factors together with maternal smoking during pregnancy and maternal pre-pregnancy overweight, on childhood total and HDL cholesterol concentrations and total-to-HDL cholesterol ratio in a prospective study. To take into account the lifestyle of the child in the years preceding the cholesterol measurement, we additionally adjusted our analyses for the child's current body mass index (BMI).
Methods

Ethics statement
This research was performed in accordance with the ethical principles for medical research involving human subjects outlined in the Declaration of Helsinki. As 8-year-old children are considered unable to give informed consent the study protocol had to be evaluated on a national level instead of by the medical ethical committees of the participating institutes separately. Therefore, the study protocol was approved by the Dutch Central Committee on Research involving Human Subjects (P04.0071C). All parents gave written informed consent.
Study design
The children in this study are participants of the Prevention and Incidence of Asthma and Mite Allergy (PIAMA) birth cohort study who were born in 1996-1997. A detailed description of the study design has been published previously [19] . The mothers were recruited from the general population during pregnancy visiting one of 52 prenatal clinics. Postal questionnaires were sent to the parents during pregnancy, at the child's ages of 3 and 12 months, and yearly thereafter up to the age of 8 years. At the age of 8 years a subgroup of children was invited for a hospital based medical examination.
Study population
7,862 women were invited during pregnancy to participate in the PIAMA birth cohort study and 4,146 pregnant women agreed to participate. Of which 183 (5%) were lost to follow-up before any data of the child had been collected. Therefore the study started with 3,963 newborns. When the medical examination of 8-yearolds was planned, 3,668 children (92.6% of 3,963) were still in the study. A subgroup of 1,680 children was invited for a hospital based medical examination. Details of the subgroup selection were published before [19] . Briefly, this group consisted of 1,076 children of allergic mothers and 604 children of non-allergic mothers. Parents of 1263 children (833 of allergic mothers and 430 of non allergic mothers) gave informed consent for the child to participate in the medical examination and 1132 children (748 of allergic mothers and 384 of non-allergic mothers) attended the hospital based medical examination. From 817 children (524 of allergic mothers and 293 of non allergic mothers) (non-fasted) a blood sample for cholesterol measurement was obtained and in 790 of these samples (505 of children of allergic mothers and 285 of children of non allergic mothers) cholesterol concentrations could be determined. For the present analyses 3 children were excluded because of missing data for gestational age. All children (n = 36) with a gestational age of less than 37 weeks were excluded from the analysis to avoid possible confounding by prematurity. The final study population consisted of 751 children.
Children with missing data on infant weight gain (n = 2), maternal BMI before pregnancy (n = 51), gestational diabetes (n = 12), or smoking of the mother during pregnancy (n = 9) but with data on cholesterol concentrations, were not excluded from all analyses, but only from the analysis of the specific risk factor for which a value was missing.
No differences in total and HDL cholesterol concentrations and total-to-HDL cholesterol ratio were observed between children with a missing value on one of the risk factors and children with complete data on all risk factors.
Exposure and outcome variables
Plasma total and HDL cholesterol concentrations were determined enzymatically using Roche automated clinical chemistry analyzers (Roche Diagnostics, Indianapolis). [20] Additionally the ratio between total and HDL cholesterol was calculated (totalto-HDL cholesterol ratio).
The exposure variables birth weight, breastfeeding, BMI of the mother before pregnancy, infant weight gain, gestational diabetes of the mother during pregnancy of the index child, and smoking of the mother during pregnancy were reported by the parents in the questionnaires. To study both the effects of being born with a low or a high birth weight, birth weight categories were defined as low birth weight (, 2,500g), birth weight $2,500g and ,4,000g, and high birth weight ($4,000g). Duration of breastfeeding was assessed by questions on infant feeding in the questionnaires at 3 months and 1 year of age. Breastfeeding was defined as any kind of breastfeeding, including partial breastfeeding. Total breastfeeding duration was categorized in no breastfeeding, breastfeeding 1 to 16 weeks, or $16 weeks of breastfeeding. Maternal BMI before pregnancy was calculated using pre-pregnancy body weight and height reported in the 1 year questionnaire, and overweight was defined based on international defined cut-off points, i.e. .25kg/ m 2 . Infant weight gain during the first year of life was calculated using data on body weight reported by the parents in the first year. The parents were asked to report the body weight as was measured by the health centre, which is visited regularly during the first years of life of a child. Infant weight gain was then divided into tertiles (slow ,6.13 kg/year, intermediate $6.14kg/year and ,6.98kg/ year and rapid $6.99kg/year weight gain). The child's BMI at age 8 years was calculated using body weight and height measured at the time of blood sampling. Body weight was measured at the nearest 0.1kg and height (cm) was measured at one decimal, both anthropometric variables were measured while only wearing underwear. BMI for age Standard Deviation Scores (SDS) were calculated using the reference growth curves of the Dutch Fourth Nation-wide Growth Study carried out in 1997 [21] .
Statistical analyses
For all statistical analyses SAS software version 9.2 (SAS Institute, Inc., Cary, NC) was used. First means and standard deviations of total and HDL cholesterol concentrations, and totalto-HDL cholesterol ratio were calculated. Bell et al. [22] suggested to consider children with total cholesterol concentrations higher than 5.9 mmol/l, as well as children with HDL cholesterol concentrations below 0.8 mmol/l at risk of coronary heart diseases. As the prevalence of total cholesterol concentrations .5.9 mmol/l in this study population was low, the cholesterol concentrations were divided into tertiles for the analyses.
Simple and multivariate linear regression were performed to estimate the associations of total and HDL cholesterol, and totalto-HDL cholesterol ratio with the early life factors. Logistic regression was performed with total cholesterol concentrations or total-to-HDL cholesterol ratio in the highest tertile of the distribution compared with the lowest tertile, and with HDL cholesterol concentrations in the lowest tertile of the distribution, compared to the highest tertile as binary outcome variables.
All analyses were performed with and without adjustment for potential confounders. A first model included age of the child (in days) at time of blood sampling and gender. A more detailed model was additionally adjusted for gestational age, maternal education (low, intermediate, high education), and the other exposure variables. Additionally, the child's BMI SDS was added to the fully adjusted model to investigate to which extent the associations between early-life determinants and cholesterol concentrations were explained by BMI as an indicator of the child's lifestyle.
Additionally the regression analyses were performed separately for boys and girls, and separately for children of allergic and nonallergic mothers to investigate the presence of effect modification by these variables.
Results
The total mean cholesterol concentration ranged from 2.37 to 6.32 mmol/L in girls and from 2.26 to 6.27 mmol/L in boys (Figure 1 ). Children of mothers with gestational diabetes had lower mean total cholesterol concentrations (3.81 vs. 3.93 mmol/L), but only 12 mothers (1.6%) had gestational diabetes and the association was non-significant (Table 1) .
Maternal pre-pregnancy overweight and rapid infant weight gain were, in the fully adjusted models, associated with an increase in totalto-HDL cholesterol ratio of 0.15 (95% Confidence Interval (CI) 0.02 to 0.28) and 0.13 (95%CI 0.01 to 0.26) respectively (Table 2) . Maternal smoking was associated with an increase in total-to-HDL cholesterol ratio of 0.14 (95%CI 0.00 to 0.29). In logistic regression no significant associations of the early life risk factors with the tertiles of total and HDL cholesterol, and total-to-HDL cholesterol ratio were found (Figure 2) . The results of maternal overweight before pregnancy were borderline similar to those of the linear regression analyses.
Children of mothers who were overweight, children of mothers who smoked during pregnancy, and children who gained weight rapidly during infancy all had higher BMI SDS at the age of 8 years than their counterparts (0.47 vs. 20.03 (P,.0001), 0.22 vs. 0.04 (P = .05), 0.40 vs. 0.10 (P = .0004), respectively). Higher BMI SDS values, in turn, were associated with higher total-to-HDL cholesterol ratio (b = 0.13 (95%CI 0.08 to 0.18). When BMI SDS was added to the fully adjusted regression models (Model B in Table 2 ) the effect estimates decreased to 0.09 (95%CI 20.04 to 0.22) for maternal pre-pregnancy overweight, 0.12 (95%CI 20.02 to 0.27) for maternal smoking during pregnancy, and 0.09 (95%CI 20.04 to 0.22) for rapid infant weight gain. Current BMI thus partly, but not entirely, explained the association between total-to-HDL cholesterol ratio and maternal overweight before pregnancy, maternal smoking during pregnancy, and rapid infant weight.
In stratified analyses no differences in associations between cholesterol concentrations and the exposure variables between boys and girls and between children of allergic and non-allergic mothers were found.
Discussion
The results of the present study suggest an association between maternal pre-pregnancy overweight, maternal smoking during pregnancy and rapid infant weight gain and total-to-HDL cholesterol ratio. These associations were attenuated after adjustment for BMI of the child at the time of blood sampling.
Strengths and limitations
The strengths of our study are its prospective design, the possibility to study a range of perinatal and early life factors, the large size of the study population compared to most previous studies, the ability to adjust the different factors for each other and for BMI SDS at the time of the cholesterol measurement, and the availability of information on several confounding factors.
However, our study also has some limitations; the number of mothers having had gestational diabetes, and the number of children born full term with a low birth weight (,2,500g) were small, which may have limited the study's potential to detect associations with these factors. Data on the risk factors studied were obtained from parental reports and the possibility of reporting errors cannot be excluded. However, the data on the early life factors were obtained prospectively, consequently we do not expect recall bias. Furthermore, there is no indication that other types of misreporting in association with cholesterol concentrations explained our results. Only for a subset of the baseline population blood samples were available. There is no reason to assume that associations differ between children with and without data on cholesterol concentrations. In addition, children of allergic mothers were overrepresented, but no effect modification by maternal allergy was observed. Because of the design of the medical examination, it was not possible to take blood samples of children in the fasted state. In The PIAMA birth cohort study low educated mothers and children from ethnic minorities are under represented compared with the general Dutch Table 1 . Mean values and standard deviations (std) of total and HDL cholesterol concentrations and total-to-HDL cholesterol ratio. population, however, we do not expect that these differences would have consequences for the generalisability of our results.
Findings of other studies
We compared the cholesterol concentrations measured in our study to those measured in other child populations. The total and HDL cholesterol concentrations in our study population were similar to those measured in comparable childhood populations [10, 14, 23] , although only one study also showed significantly higher total cholesterol concentrations in girls than in boys [10] . Only one previous study reported the mean total-to-HDL cholesterol ratio found in their childhood population [24] . The mean total-to-HDL cholesterol ratio in our study population was somewhat higher compared to this recent study in 9-year-old UK children.
Studies on associations between cholesterol concentrations and early life risk factors in adults have mainly focused on breastfeeding and low Table 2 . Associations between total and HDL cholesterol, and total-to-HDL cholesterol ratio and early life factors for 751 Dutch children a . birth weight. In a review including 17 original studies, slightly lower cholesterol concentrations were found in adults who had been breastfed [3, 4, 5, 7, 25, 26] . Low birth weight has only been associated with increased total cholesterol concentrations in men (age 17-76 years old) [2, 4, 5, 7, 9] . In women (17-64 years old), no association between low birth weight and cholesterol concentrations has been reported [5, 27] .
So far, there have been few studies on the association between breastfeeding and birth weight and cholesterol concentrations in children. Higher total cholesterol concentrations [12] and lower HDL cholesterol concentrations [13] were found in low birth weight children, but this was not found in two other studies (Table 3) [14, 15] . Bergstrom et al. [10] observed lower total cholesterol concentrations in breastfed children, whereas Fomon et al. [11] did not observe any difference between breastfed and nonbreastfed children. Higher total cholesterol concentrations [16] and total-to-HDL cholesterol ratios [16] and lower HDL cholesterol concentrations [16, 17] were observed in children of mothers having had gestational diabetes.
We were able to study the associations with other potential early-life determinants that were not studied earlier in adults or children. We observed associations between maternal prepregnancy overweight, rapid infant weight gain and maternal smoking during pregnancy and total-to-HDL cholesterol ratio in our study. These associations attenuated after adjustment for the child's BMI SDS. The interpretation is not straightforward: earlylife determinants apparently influence both BMI and cholesterol at age 8. The lifestyle of the child in the years preceding the cholesterol measurement plays an important role in the associations between early-life determinants and childhood cholesterol concentrations and risk factors that occur during the intervening years must be considered. Possibly also genetic factors contribute to these associations. We adjusted the associations between the early-life determinants and childhood cholesterol concentrations for BMI SDS as a summary indicator of the child's lifestyle in the years preceding the cholesterol measurement, to assess to which extent associations these associations were independent of lifestyle.
The observed effects of the investigated early life risk factors are small, but relatively small changes in the cholesterol profile may have an impact on the burden of chronic diseases later in life [28] . If confirmed in future studies, these early-life determinants might be a lead for prevention.
Conclusion
Total-to-HDL cholesterol ratio in 8-year-old children was positively associated with maternal pre-pregnancy overweight, maternal smoking during pregnancy and rapid infant weight gain. 
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